In a ship block logistics application, acquisition of locations is required in order to identify location of the ship blocks. A Smart device equipped with a GPS sensor can be used as a mobile client for a ship block logistics application. However the precision of GPS components on a commercial smart device is not high enough. Therefore, using the GPS for localization may produce significant positioning errors in a ship block logistics system. This paper proposes a method to reduce errors in measuring locations using a smart device. Based on the knowledge of how the location information is used in a ship block logistics application, and the predictability of the client's moving line based on geographical layout of a shipyard area, our proposed technique enables a better prediction of the ship blocks location.
INTRODUCTION
A ship is built by passing through several subprocesses. The sub-processes includes steel warehousing, steel preprocessing, steel cutting, minor assembly, sub-assembly, assembly, pre-outfitting, pre-painting, pre-election, erection, etc. In each sub-process smaller parts are combined together to make a larger part. Logistics for a shipbuilding may be classified as either steel logistics, structural parts logistics or block logistics according to the unit of the handled parts, as described in the Fig. 1 . The main purpose of the logistics system is to reduce the production cost of shipbuilding by managing space and time spent during the production process as efficiently as possible [1, 2] .
In order to reduce the shipbuilding cost, it is very important to keep to the production schedule for the building of all the parts and blocks of a ship [3] .
As the resources-including the space for assembly shop-are limited in a shipyard, they need to be exploited in a very efficient way. While being assembled, each ship block is moved from one block assembly shop to another. A ship block logistics system monitors and keeps track of the building status of each block [1] . For this, locating a ship block is essential in the ship block logistics.
There are numerous ways to locate and collect location information of ship blocks, ranging from manual approaches to fully automated ones [4] [5] [6] .
Each alternative requires a different setting of the workplace and devices used for it. This will also affect the cost necessary for employing the applied approach.
We are on the progress of building a ship block logistics system that supports the monitoring of ship blocks by using mobile devices [1] . In this pa- per we try to tackle some of questions raised during the system building process.
• How can mobile devices like smart pads be used as the main tools to efficiently capture information for the logistics system?
• How can standardized and commercialized smart devices be involved for economically localizing ship blocks?
The rest of the paper is organized as follows. Section 2 briefly describes the overall concept of the mobile ship block logistics system, and introduces the role of smart devices as the main tools for mobile localization of ship blocks. Section 3 describes preliminary experiments to see the possibility of using smart devices for localization of ship blocks. From these experiments we identify the problems and the possible suggestions to mitigate the negative influence of the identified problems. Section 4 proposes our suggestion to reduce the errors of smart devices for estimating the location of ship blocks. Section 5 explains the results of experiments by using our proposed approach. Finally section 6 concludes this paper.
A MOBILE SHIP BLOCK LOGISTICS SYSTEM
A mobile ship block logistics system is composed of the logistics server that manages all the information regarding the ship block logistics and mobile clients that are built on mobile devices such as smart pads. The mobile client displays current logistics data on a smart device and acquires data that can be obtained from the shipyard, such as the current processing status of some ship blocks.
Some of the typical questions that may be asked regarding the ship block logistics system are as follows.
• Where is the ship block X and what is the building status of it?
• Which ship blocks are in Y ship block assembly shop, and what are their statuses?
• Ship block Z in a ship block assembly shop Y has been finished. Where should it be moved for the next processing step?
• Which are the ship blocks that are scheduled to be completed today, and how can each one of them be located?
The location of a ship block is one of the important data that needs to be handled in a mobile ship block logistics system. Acquisition of the lo- Smart devices including smart phones and smart pads can also be used for ship block localization by installing a mobile client application on them.
One thing that must be considered for using commercialized smart devices for ship block localization is that they are equipped with GPS components that have relatively low precision. 
Experimental Setup
The procedure for the experiments is as follows:
1. We selected two sample test places with different conditions.
2. Regular shape test tracks were selected.
3. Two smart phones were used to get location data while a tester walked along the determined track. The smart phones were set up to use two different GPS devices. At observing points the tester paused for a while to get stable location data from the smart phones.
4. The shape of the acquired location data was compared with that of the traversed track that the tester followed.
The regularity of the shape makes it easier to identify the difference between the location data of the measured points and those of an actual test place.
For the experiments two different test places were selected in order to check the impacts from the different test environments:
• Around a university soccer field.
• Around a ship block subassembly shop in a shipyard
We also used two different types of GPS components:
• A GPS component embedded in the smart device.
• An external DGPS device with the Bluetooth channel that can be attached to a smart phone, which can be used to transfer location data measured by the device. • Locate the current assembly shop (say S1)
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where B is.
• Locate the assembly shop (say S2) where B will be moved.
• Move a transporter to the assembly shop S1
• Load B on to the transporter, move to R2, and unload B onto S2.
• The location of B is changed from S1 to S2 in the ship block logistics system.
A smart device can be used as a mobile client to identify the location for a ship block, or a stock area. In order to perform the work described above, the transporter usually moves along the determined path in a shipyard. In other words, a smart device, which is used to measure the location, moves along the predetermined path. This implies that as a user with the mobile client starts to move, the path to follow is determined. There have been some researches that consider a series of location as a path, or a trajectory, and construct a trajectory model [7, 8] based on that. The model can be used for various location-based services [9, 10] . An approach of estimating position of a moving object using a GPS and an accelerometer has also been suggested [11] .
In the Fig. 6 , in order to move a ship block from the stock area S1 to S2, a worker with the smart device will follow the path designated by the dashed line. This implies that the location measured by a smart device while the block is moving will be almost on the straight line formed by the path from S1 to S2.
This predictable way of using paths in a ship block logistics application can be very helpful to estimate(or proximate) the location measured by a smart device with less errors.
Approximating the location
Based on the observation described in the previous section, we propose a method that estimates a revised position from the location information gathered by a smart device. For our method, we assume the followings:
• A smart device is used to acquire current position when the location information is necessary. A worker, or a transporter, may carry the smart device.
• There are some pre-identified places in a shipyard, which we call "base points." The base points can be observed at a shipyard, and can be marked at the right positions on a map of the shipyard.
• A client, or more precisely, a worker who carries the mobile client, knows its moving direction. He also knows the two base points at the shipyard and the path he is taking. The two base points are at either end of the path.
Next, the procedure to get the revised position is as follows: 
EVALUATION

Setup for experiments
In order to evaluate the validity of the proposed method, we devised the experiment as follows:
• Select a ship block in a real shipyard.
• Draw a rectangle around the ship block, whose size is slightly bigger than the ship block. This will be used as the track the smart device follows.
• Set 4 corners of the rectangle as the 4 base points.
• While walking along the rectangle, measure the location at every unit distance.
The size of the target ship block was 22 X 26 meters with 2 meters high. The block lies on the 2-meters-high jig. The size of the rectangle was set to 24×28 meters. The location was recorded using a smart phone, while keeping the phone 1 meter high from the ground. The unit distance was set to 1 meter, which means that starting from a base point we will measure the location every 1 meter using the smart phone.
Performance metric
In measuring the effect of reducing positional error between two locations by the proposed technique, we use the performance metric of the difference of the distance errors (denoted as D D R).
The distance error (D R) and the D D R is defined as follows. Fig. 9 . Concept of the distance error. 
Results
The experiments have been repeated 3 rounds
for the GPS components embedded in the smart device, and an external DGPS component, respectively. Fig. 10 considerably. Fig. 13 shows the average DRs of the DGPS case. As summarized in the Table 1 , the average improvement ratio of DR records 29%. considerably. Fig. 15 shows the average DRs of the DGPS case. As summarized in the Table 2 , the average improvement ratio of DR is 27%.
To summarize the results of experiments, our proposed technique can reduce the errors in measuring location using GPS (or other types of components like DGPS) component significantly.
CONCLUSIONS
Because smart devices are portable and easy to handle, they are useful as mobile clients of a ship block logistics system. In a ship block logistics application, acquisition of locations is required to identify the location of ship blocks. Smart devices equipped with GPS components, or an external GPS component may be connected to them.
However the precision of the GPS components on commercial smart devices are not high enough. As we demonstrated in the preliminary experiments, they tend to be more prone to error in a real shipyard environment.
In order to find a solution to use smart device as a mobile clients for a ship block logistics application, we propose a method to reduce errors in measuring location using them. For this we have 
